Ran is a small GTP-binding protein involved in several essential roles for cell viability. This observation implies Ran might be ubiquitously expressed during development. However, Ran shows a differentiated expression pattern that is restricted to specific tissues from embryo to adult. At early embryonic stages of mouse development we found persistent Ran expression in proliferating neural tissue, neural crest derived dorsal root ganglions and sensory pits. We also showed an accumulation of Ran transcripts in main embryonic haematopoietic tissues: blood islands first and then hepatic bud. In advanced stages of development Ran is also expressed in other tissues showing a high cell turnover. q
Results and discussion
Ran is a GTP-binding protein of the Ras superfamily. It is widely expressed and predominantly localized in the nucleus of eukaryotic cells. Ran has been implicated in processes that are essential for cell viability: regulation of cell cycle progression, maintenance and function of nuclear envelope structure, nucleo-cytoplasmic transport and mitotic spindle assembly (reviewed in Sazer and Dasso, 2000) . The Ran family includes genes isolated from many species, i.e. human, mouse, chick, Xenopus, Drosophila, yeast and plants (Drivas et al., 1990; Coutavas et al., 1994; Trueb and Trueb, 1992; Onuma et al., 2000; Koizumi et al., 2001; Belhumeur et al., 1993; Haizel et al., 1997) . All of them are highly conserved. Onuma et al. (2000) and Koizumi et al. (2001) described the expression pattern of Ran during Xenopus and Drosophila embryogenesis, respectively. However, little is known about the expression pattern and function of Ran genes during mammalian embryonic development. In situ hybridization experiments were performed in whole mount and sections of mouse embryos between 7 and 13.5 days post coitum (dpc), using a riboprobe that comprises the predicted open reading frame for the mouse Ran/M1 isoform (Coutavas et al., 1994) .
Embryonic expression pattern
Although the Ran protein has been associated to multiple and decisive roles throughout the cell life, it is differentially expressed in defined tissues, both in adults (Coutavas et al., 1994) and, as we show here, during mouse embryonic development.
Neural tissue and derivatives
Ran mRNA was detected in all neuroectoderm, neural groove and neural folds, as early as 7.5 dpc embryos (Fig.  1C,D) . This expression continued during development and specialization of the neural tube along the entire anteroposterior axis. These results are in agreement with the expression pattern observed in Xenopus (Onuma et al., 2000) , where the signal is also more conspicuous at primitive stages of neural tube closure, and in Drosophila (Koizumi et al., 2001) , where the expression occurs in neuroblasts during their late sublineage-forming mitotic divisions. The highest level of Ran expression in these embryo stages occurred in regions around neuropores (Figs. 1G and 2A-A1,-A3,C). After neural tube closure, the signal was restricted to the germ layer within encephalic vesicle walls and spinal cord (Figs. 3A,B,H and 4A). In 8.5 dpc embryo we detected Ran transcripts in the folding of the optic eminence to form optic brain derivatives (Fig. 2A1) , optic stalk and optic cup. Ran expression continued during eye development, including optic vesicle (Figs. 2B,C and D1 and 3A,B). We found Ran signal in other developing A, amnion; Al, allantois; Bi, blood islands; Cn, cephalic neuroepithelium; Cnf, cephalic neural folds; E, embryo; Ec, ectoplacental cone; Fp, foregut pocket; Ng, neural groove; Nt, neural tube; Ph, primitive heart; Pn, posterior neural plate; S, somites. sensory organs such as the otic vesicle (Fig. 2B,C and D1 ). In addition, Ran transcripts were observed also at 8.5 dpc in cephalic neural crest ( Fig. 2A ) and in dorsal root ganglions derived from neural crest along anteroposterior dorsal axis (Fig. 3F,H ).
Haematopoietic tissues
The first haematopoietic cells, organized in blood islands, exhibited Ran gene expression within yolk sac at 7.5 dpc (Fig. 1C,D) . Blood islands first and liver bud, subsequently, are the only erythropoietic tissues at early stages of mouse embryo development (reviewed in Rifkind et al., 1974) . Ran expression was clearly detected in the fetal liver bud (Figs. 3D and 4B) . This pattern could be related to the expression observed later in the bone marrow of adult mice (Coutavas et al., 1994) and to the putative implication of Ran during erythroid differentiation (in preparation).
Ectoplacental cone, somites, limb buds, branchial arches and other inner organs
Ectoplacental cone showed an accumulation of Ran transcripts by stages 7 to 7.5 dpc (Fig. 1A-E) . We detected a weak Ran signal in somites (Figs. 1G and 2A2) , and subsequently, at 11.5 dpc, a strong signal was observed in the sclerotomic material forming the centrum of axis (Fig.  3F) . Ran was also highly expressed during the limb bud development. A clear signal was observed showing a strength gradation from proximal to distal, with the strongest reaction at the distal tip of the limb buds (Figs. 2B and  3E ). Ran transcripts were absent under the apical ectoderm ridge of both, fore-and hindlimb buds (Fig. 2B and inset) , and were primarily confined to the dorsal and ventral mesenchymal components of limb buds (Fig. 3G) . Ran expression was detected also in the first (mandibular and maxillary components) and second branchial arches ( Fig.  2A ,B-C,D1), lateral nasal process (Fig. 2B ) and other inner organs such as lung, midgut, mesonephric duct and kidney (Figs. 3C and 4C, Figs. 3I and 4B, respectively) .
Experimental procedure

In situ hybridization
Ran cDNA was isolated from a MEL (Murine ErythroLeukemia) cell cDNA library. The embryos were obtained from natural matings of CD-1 mice and their age determined as 'days post coitum'; the day on which the vaginal plug was detected being designated 0.5 dpc. Embryos were fixed in 4% paraformaldehyde/PBS at 4 8C and processed for either whole-mount (Henrique et al., 1995) or cryo-section (Strahle et al., 1994) in situ hybridization. After whole-mount in situ hybridization, some embryos were embedded in paraffin and sectioned for a more detailed analysis. Digoxigenin-labelled sense (control) and antisense riboprobes, which correspond to a BamHI/BanII (676 bp) fragment subcloned from mouse Ran/M1 cDNA (Coutavas et al., 1994) , was used. All hybridizations with sense riboprobes were negatives. 
